SUMMARY The experience of The Middlesex Hospital in the investigation and management of chronic intestinal arterial occlusion (IAO) over a 20 year period is presented. Of some 100 patients referred only 28 were found to have IAO and these were critically evaluated in terms of insorptive and exsorptive function. No relation was found between intestinal performance and the degree of potential ischaemia suggested by angiography. Twenty two patients underwent reconstruction of the coeliac axis and mesenteric arteries, with three perioperative deaths. The remainder were followed for periods ranging between six months and 10 years. Of these, 15 are asymptomatic, one is unchanged, and one is subjectively worse. The role of elective surgery in relation to the visceral arteries is critically discussed in the light of these results, and in the perspective of the world experience.
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It is known that the origins of the three main visceral arteries are frequently narrowed or blocked by atheroma,1-4 but the relationship between this lesion and the development of abnormalities in the alimentary tract remains unclear. Whereas intestinal infarction, if not relieved, is always fatal, it is not easy to identify the pre-infarctive state, which might be amenable to treatment. This study addresses the following questions: (1) Does it happen that the blood supply to the gut becomes so reduced that symptoms occur, before the point of infarction is reached, and if so, how frequently? (2) Can this situation be identified clinically, or by laboratory tests of intestinal function? (3) Given the existence of symptomatic occlusion of the visceral arteries, what is the risk of a fatal infarction occurring in the individual patient? (4) What is the role of elective surgical reconstruction of the intestinal blood supply?
The ideal way of resolving these questions would be to measure gut blood flow in a control population of normal people, and in patients with intestinal arterial occlusion (IAO), and to investigate alimen-tary function in both groups, so as to identify any significant difference. The subjects would then be watched over a period of years, without treatment, in order to compare symptoms and eventual mortality. Obviously such a study would be both unethical and impractical. The investigator is constrained by the needs of his patients, and by considerations of money and time, quite apart from the fact that at the present moment we have no method of measuring intestinal bloodflow in the intact human being which is acceptably non-invasive. Total splanchnic blood flow can, and has been measured,5 but this is a different question, as is later discussed. The problem has to be approached indirectly, and this has been done in three ways.
Methods

ANIMAL STUDIES
The mesenteric circulation of the experimental animal has been extensively studied over the last century and this work is reviewed elsewhere. occlusion. This total is necessarily inexact, because as already reported8 a number of the patients were not investigated further and are now untraceable, either because their symptoms had disappeared when they arrived at the clinic, or because their problems did not seem in any way to resemble those related to intestinal arterial occlusion and hence were not followed up. A further group were found on investigation to have other causes of abdominal pain, as is shown in Table 1 , and were not submitted to angiography.. Once these conditions had been excluded, the aorta and visceral arteries were opacified. In 21 the findings were normal. If the angiogram showed stenosis or occlusion of the main trunks (CA, SMA, IMA), it seemed ethical to submit the patient to a more exacting diagnostic procedure, in order to decide whether major surgery was justified. All patients in this series were received because of the complaint of abdominal pain, and our study does not relate to other reported series8 where vascular operations have been carried out on patients without alimentary symptoms, but in whom intestinal arterial occlusion was incidentally discovered on an angiogram undertaken for other reasons. (a) Symptoms By definition, all our patients complained of abdominal pain related to meals, and reported loss of weight and an alteration in bowel habit (either constipation or diarrhoea). Nausea and vomiting was noted in nine, and 20 gave a history relating to vascular occlusion elsewhere in the body.
PATIENTS
(b) Physical signs The 20 patients with arterial symptoms had objective evidence of arterial disease, as evidenced by absent lower limb pulses, or asymptomatic arterial bruits. An abdominal systolic bruit, though not always specifically sought, but was found in 14. (The significance of this sign is in any case doubtful8).
Apart from weight loss, there were no other relevant abnormalities on examination.
(c) Baseline investigations Physical evaluation was followed by baseline tests comprising chest radiograph, ECG, blood film with indices and routine serum biochemistry, in order to eliminate concomitant disease and to determine fitness for possible surgery.
ARTERIOGRAPHY
In the first years of this study this was by the translumbar route. Subsequently the preferred technique was retrograde catheterisation via the femoral artery, with free injection into the aorta and selective opacification of the visceral trunks. Typical findings are illustrated in Figures 1-4. 
TESTS OF INTESTINAL FUNCTION
Once an arterial obstruction had been identified, the patient was further studied with regard to intestinal function. The tests applied necessarily reflect a series which has extended over 20 years (see Table  2 ), and nowadays would be somewhat different. The following functions were investigated: (f) Barium studies These were initially by conventional upper GI series, later by the intubated duodenal technique.
(g) Imaging The series was begun before fibrendoscopy of the alimentary tract, or ultrasound examination, were easily available, but later patients were studied with these techniques.
Results
The results of these studies are set out in Table 2 . It will be seen that the great majority of patients had normal absorptive and exsorptive function as measured by the tests used. Abnormalities did occur (deficient fat absorption in two, carbohydrate absorption in four and an exudate protein-losing enteropathy in two) but these were sporadic and bore no consistent relation either to the patients' symptoms, nor to the arterial lesion. Because of this, it seemed pointless to repeat the tests after operation.
As in all previous case series, management was decided on clinical criteria as no laboratory test gave sufficient discrimination. In practice this meant that significant intestinal arterial occlusion -that is, that requiring operation -was identified by exclusion, so that only those patients who continued to complain of pain in the presence of a known arterial block, when a full clinical assessment had not produced any other explanations, were submitted to reconstructive surgery.
The types of operation used are set out in Table 2 and illustrated in Fig. 5 (Fig. 6 ). This technique has the advantage of being possible through a purely abdominal approach. Patch angioplasty of the CA, SMA or both was chosen in 10 cases, and reimplantation of the SMA in one. For these procedures a full thoraco-abdominal incision is preferred. In two patients all that was necessary was to free the origin of the CA from the surrounding tough fibrous tissue including the median arcuate ligament of the diaphragm and sympathetic and lymphatic fibres. In each case a gradient was measured across the arterial lesion, which was abolished by the procedure. In one case a tight stricture of the IMA was corrected by a Dacron patch. It was not considered justified to carry out routine postoperative angiograms, until late in the series when a digital facility became available and it was possible to opacify the visceral arteries using an intravenous injection. In the four cases so studied, three reconstructions were patent and in one an occluded graft was accompanied by return of symptoms. It will be seen that of the patients operated on three died in the immediate postoperative period, one six months later from a stroke, and one nine months later, because of total infarction of the midgut requiring enterectomy, which was followed by a fistula. Of the remainder, 13 ranges from six months to 10 years.
As already explained, because of the unreliablecorrelation of preoperative tests of intestinal function with symptoms and radiological findings, there seemed no point in repeating these costly and uncomfortable examinations, following surgery. Our results are therefore assessed symptomatically, and the defects of this approach are admitted. The only objective criterion of improvement is recovery of lost weight, which occurred in 13 patients. Two fatal intestinal infarcts occurred in the operative group, but this must be viewed against the fact that the incidence of infarction in untreatable intestinal arterial occlusion is yet to be discovered. Whereas, of course, it is well established that gut necrosis is often preceded by postcibal abdominal pain.8 24The improvement in quality of life in those patients with patent reconstructions was, however, most impressive, and although they are difficult to identify, such Fig. 4 Carcinoma ofthe pancreas, showing CA people can be enormously benefited by appropriate obstruction and SMA stenosis. in (arteriographically) normal subjects after a meal, and that this rise fails to occur in patients with intestinal arterial occlusion, but can be restored by suitable surgery.
As vascular disease progresses, resting flow eventually falls below the level required to maintain the mucosal defences against osmolar and bacterial challenge, and infarction (focal or massive) results. One might postulate four stages: (0) normal; (1) an arterial lesion is present, but compensated, so that both resting and post-cibal flow are unimpaired, and there are no symptoms; (2) the arterial disease has progressed to the point where resting flow is normal but reactive hyperaemia cannot occur. This is signalled by the occurrence of postcibal pain; (3) The blood supply is so deficient that resting flow is reduced and perhaps minor impairments of cellular function and small, focal infarcts are occurring. This is analogous to 'rest pain' in the ischaemic limb; (4) the bowel in infarcted.
It is the identification of stage 3 which has been the object of so much clinical and laboratory endeavour over the last 80 years, since Schnitzler first postulated the concept of 'abdominal claudication', and it must be admitted that little progress has been made. Many authors have commented that tests of intestinal function have little predictive value, though no formal prospective study has up till now been carried out. Nonetheless, it has often been stated that chronic intestinal arterial occlusion is associated with malabsorption. Our data suggest that this is not the case, and that the weight loss which occurs is because of diminished intake. Quite different, of course, is the patient who sustains an acute ischaemia and is rescued by emergency surgery from a threatened infarction. Here the bowel is seriously damaged, perhaps by liberated superoxide radicles29 and a prolonged period of malfunction follows8 10 while the mucosa regenerates.
To return to the questions posed in the introduction, it is possible to claim, in the light of our experience and that previously reported, that reduction in blood supply to the gut can give rise to symptoms before infarction occurs, but these are of a variable and inconstant nature and difficult to identify. They tend to occur in an age group where other causes of abdominal pain abound, many of them more easily treated, and it is important to exclude these before deciding on a vascular origin for the pain. Moreover, arterial occlusions can occur without symptoms and probably without influencing blood flow, and can coexist with or be the result of, malignant tumours (Fig. 4) .
The syndrome of intestinal angina is rare, and the academic interest which it has aroused is not entirely justified. This is shown by the fact that a unit particularly interested in the problem and having wide sources of 
